The nucleotide sequence was determined for the fusion (F) protein-coding mRNA of the bovine respiratory syncytial virus (strain RB 94) and the amino acid sequence of the F protein was deduced for comparison with the sequence of human respiratory syncytial virus subtypes A and B (RSS-2 and 18537 strains). The human and bovine RS virus F proteins (excluding the cleaved signal peptide) share 83 to 84 % homology. The greatest divergence occurred within the F2 subunit in the region preceding the cleavage activation site.
Human and bovine respiratory syncytial (RS) viruses belong to the genus Pneumovirus of the Paramyxovirus family. They are important causes of lower respiratory tract disease in infants and young calves (Stott & Taylor, 1985) . Recently, several analyses on the molecular organization of the bovine RS viruses have been performed using human and bovine antisera, monoclonal antibodies (MAbs) and eDNA probes. They showed that the protein compositions of human and bovine RS viruses are very similar, with only minor differences in Mr between corresponding proteins (Cash et al., 1977; Lerch et al., 1989; Trudel et al., 1989) . Electrophoretic mobilities of mRNAs of human and bovine RS viruses are comparable (Lerch et al., 1989) . Human and bovine RS virus strains are also antigenically related:the fusion (F), nucleocapsid (N), matrix (M) and phospho-(P) proteins showed antigenic crossreactivity whereas the bovine RS viral G glycoprotein has major antigenic differences from its human virus counterpart (Taylor et al., 1984; Orvell et al., 1987; Lerch et al., 1989) .
The genome of RS virus encodes 10 genes including those for two major glycoproteins, G and F. The G glycoprotein, which has been associated with viral attachment (Levine et al., 1987) has an apparent size of approximately 90K on SDS-PAGE (Lerch et al., 1989) . The F glycoprotein, which is the fusion protein (Walsh & Hruska, 1983) , is synthesized as a 70K precursor molecule (F0) which is proteolytically cleaved into disulphide-linked 48K (FI) and 23K (F2) subunits (Walsh et al., 1985) . By analogy to Sendai virus (Scheid & Choppin, 1974) , this cleavage is a prerequisite for fusion activity and is carried out by cellular protease (s).
Two distinct antigenic subgroups of human RS virus (A and B) have been recognized (Anderson et al., 1985; Mufson et al., 1985; Gimenez et al., 1986; Orvell et al., 1987) . The comparison of the F protein sequence between these two human subtypes shows 89% overall homology (Johnson & Collins, 1988) , consistent with the previously described high degree of antigenic relatedness. Information derived from electrophoretic analysis, immunoprecipitation and immunoblotting, have clearly established that the F proteins of both human and bovine RS virus strains present comparable structural characteristics (Kennedy et al., 1988; Trudel et al., 1989; Lerch et al., 1989) and antigenic relatedness (Taylor et al., 1984; 0rvell et al., 1987; Lerch et al., 1989) . To provide a molecular basis for these results, we present here the nucleotide and deduced amino acid sequences for the F protein of bovine RS virus strain RB 94 and compare them with human RS virus F sequence data (A and B subtypes).
For this purpose, total RNA was extracted from Vero cells infected with the RB 94 strain of bovine RS virus (Wellemans & Leunen, 1975) and treated with actinomycin D (Pringle, 1985) . The mRNA purified on an oligo(dT)-cellulose column had been used as a template to establish a library of cDNA clones in the phage 2gtl 1. Based on protein homologies existing between human and bovine strains of RS virus, a human RS virus Fspecific cDNA probe was used to identify by plaque hybridization the corresponding cDNA sequences of our bovine RSV strain. More specifically, we used the PstIPstI restriction fragment (586 bp) corresponding to nucleotides 62 to 648 of the human RS virus Long strain F cDNA (Lopez et al., 1988) as a 32p-labelled probe. Among positive plaques identified, some recombinant phages were likely to contain a complete copy of the F mRNA as the size of their inserts (1.9 kb) corresponded to the full-length copy of the F cDNA clones of human RS virus (Collins et al., i984) . The larger clone called RB 94 F-11 was chosen for nucleotide sequencing by the dideoxynucleotide chain termination method (Sanger et al., 1977) . The nucleotide sequence of the cDNA clone RB 94 F-11 orientated 5' to 3' and its deduced amino acid sequence are represented in Fig. 1 . The cDNA nucleotide sequence begins with the 5' ATG initiation signal of translation and ends in the consensus sequence AGTTA-TAT 3' at position 1885. The F mRNA-coding sequence of strain RB 94 has 75~ identity with both human RS virus strains RSS-2 (subtype A strain; Baybutt & Pringle, 1987) and 18537 (subtype B strain; Johnson & Collins, 1988 ) F mRNA sequences (Table 1) . As shown for the comparison of nucleotide sequences between human subtypes A and B (Johnson & Collins, 1988) , we observed also that coding regions of the mRNA were more conserved than the 3' non-translated regions (data not shown). However, at the 3' end of it, the sequence AGTTANAT 3' is perfectly conserved between the two human RS virus subtypes (Johnson & Collins, 1988) and our bovine strain (Fig. 1) .
The nucleotide sequence encoding the F protein was predicted to be an open reading frame (ORF) identical in length (nucleotides 1 to 1723), with the ORF described for the human RS virus strains RSS-2 and 18537. The F protein sequence of the three RS virus strains (human subtype A strain RSS-2, human subtype B strain 18537 and bovine strain RB 94) have been aligned in Fig. 1 .
The amino acid sequences of these proteins showed 80 ~o overall homology between RB 94 and RSS-2 and 81 between RB 94 and 18537 ( Fig. 1 and Table 1 ). This identity between the bovine and both human subtypes is less than that reported for the F proteins of subtypes A and B (90~o overall homology between the RSS-2 and 18537 strains; Table 1 ). This suggests that the bovine strains of RS virus constitute a well defined entity different from human strains as previously suggested on account of antigenic differences in the major glycoprotein G between human and bovine RS viruses (Taylor et al., 1984; Orvell etal., 1987; Lerch etal., 1989) , and the unequal abilities of these strains to infect cells of different species in vitro (Paccaud & Jacquier, 1970; Matsumoto et al., 1974) .
The bovine strain RB 94 F1 subunit had 88~ and 89~ amino acid sequence identity with the human strains RSS-2 and 18537, whereas the F2 subunit homology was somewhat lower (67~ and 68~; Table 1, Fig. 1 ). This is also in agreement with the amino acid sequence comparison between human subtypes A and B (Johnson & Collins, 1988) . It seems that a greater selective pressure (in terms of conservation of the fusion activity) was operative on the F1 region. Such a result was expected since one fusion-inhibiting epitope has been localized in the F1 subunit (Walsh et al., 1986) . Moreover, two well defined neutralization epitopes, located in the F1 subunit around amino acid residues 221 (lie) to 232 (Glu) and 262 (Asn) to 268 (Asn) respectively are perfectly conserved between RSS-2 and RB 94 strains (Trudel et al., 1987; Lopez et al., 1990) . The neutralization epitope described by Lopez et al. (1990) is also conserved in the human subtype B prototype strain 18537, but not the other epitope where two amino acid substitutions were found at positions 226 (Met for Lys) and 228 (Ser for Asn) (Johnson & Collins, 1988 ; Fig. 1 ). Nevertheless, these two regions of the F protein seem to have high biological importance because of the extensive conservation of neutralizing epitopes. In addition, Scopes et al. (1990) have described an epitope (amino acids 483 to 488) recognized by human sera with high titres of neutralizing antibodies. We observe here that this epitope is perfectly conserved between human and bovine RS viruses (Fig. 1) . This result, in conjunction with the high level of conservation of the two neutralizing epitopes so far mapped on the F protein (Trudel et al., 1987; Lopez et al., 1990) , is very important in view of tire development of a bovine RS virus vaccine.
Fourteen cysteine residues were conserved on the F protein between the three strains compared here (Fig. 1) , indicating the importance of these residues to the overall structure and function of the mature protein. One cysteine residue present in the RB 94 strain at position 25 but present neither in the RSS-2 strain nor in the 18537 strain, is presumed to be the cleavage site of the signal peptide (Austen, 1979) and is not present in the mature protein. Another cysteine residue is present in both RSS-2 and 18537 strains at the carboxy terminus of the anchor region (amino acid 550) and is described as an attachment site for palmitate in human RS virus (Arumugham et al., 1989) . This cysteine is replaced in the RB 94 strain by a serine residue which is also described as a potential acceptor site for palmitoylation (Schmidt & Lambrecht, 1985) .
Of the four potential acceptor sites of N-linked glycosylation presented in the F protein sequence of our bovine strain, three (at positions 27, 70 and 500) are well conserved in the F protein sequence of human subtypes A and B (Fig. 1) . The fourth acceptor site is located at position 120 in a highly variable domain (Fig. 1) . Two Nglycosylation sites at positions 116 and 127 have been described in the F protein sequences of strains of human subtypes A and B; they are not observed in our sequence (Fig. 1) . The fourth acceptor site, mentioned above, is present in RSS-2, Long, Edinburgh and 18537 human RS virus strains (Baybutt & Pringle, 1987; Lopez et al., 1988; Scopes et al., 1990; Johnson & Collins, 1988) but not in the A2 strain . This indicates that high variability in amino acid content and potential glycosylation sites in the carboxy terminus of the F2 subunit (residues 100 to 129) exists within human strains as well as between human and bovine RS viruses. The high hydrophilicity of that region in both the RSS-2 and RB 94 strains strongly suggests surface localization. This area might form strain-specific epitopes (human/bovine) as suggested by Johnson & Collins (1988) for human strains. Further studies with MAbs, polyclonal sera, F protein mutants, etc. should help verify this hypothesis. In contrast, the protease cleavage region (residues 130 to 136; Collins et al., 1984) is highly conserved. Therefore, it seems likely that this confined domain plays an important biological role as for the F protein of Newcastle disease virus (Le et al., 1988) .
The signal peptide (residues 1 to 25) which would be predicted to be cleaved at cysteine residue 25 (Austen, 1979) exhibited extensive sequence divergence between human and bovine RS virus strains (Table 1, Fig. 1 ), although its hydrophobic nature was maintained. Such variability in the signal peptide sequence of the F protein has been previously reported between human subtypes A and B (Table 1 ; Johnson & Collins, 1988) . These observations suggest that signal functions depend on features of hydrophobicity and local secondary structures rather than on specific sequence. The same conclusion could be extended to the membrane anchor region (Fig.  1) .
The N terminus of the F1 subunit (residues 137 to 154) which is thought to have a direct role in membrane fusion is well conserved between bovine and human RS viruses as observed for other Paramyxoviridae (Morrison, 1988) . Only two conservative amino acid substitutions (Val to Ile and lie to Val at positions 8 and 16 respectively; see Fig. 1 ) have been observed between both human subtype and RB 94 strains.
Comparing the two major surface glycoprotein, G and F, the fusion protein was described as the major neutralization antigen (Olmsted et al., 1986; Johnson et  al., 1987) . In addition, the high degree of sequence conservation of the F proteins between both human subgroups and between human and bovine RS virus indicate that the F protein should be a good candidate for a human and also bovine subunit vaccine. The amino acid sequence of the F protein of the bovine RS virus strain RB 94 is of a particular interest for the correlation of genetic variation with changes in antigenic properties. In addition, the conjunction of sequence and MAb crossreaction data may serve to define protein domains of biological importance in order to understand the fusion mechanisms.
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